(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(n) 



EP 1 520 688 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 


(51) intci7: B32B 27/30, C08J 7/04 


06.04.2005 Bulletin 2005/14 




(86) International application number: 


(21) Application number; 03761775.0 


PCT/JP2003/007942 


(22) Date of filing: 23.06.2003 


(R7\ I nfpmatinnal m ihlifatinn numhpr 

IU/ I I II LC I 1 1 G LI Ul Id 1 yj U U 1 iOCllIU 1 1 IIUIIIUCI. 




WO 2004/002734 (08.01.2004 Gazette 2004/02) 


(84) Designated Contracting States: 


• YONEYAMA, Kenji, TDK Corporation 


AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 


Chuo-ku, Tokyo 103-8272 (JP) 


HU IE IT LI LU MC NL PT RO SE SI SK TR 


• TANAKA, Kazushi, TDK Corporation 


Designated Extension States: 


Chuo-ku, Tokyo 103-8272 (JP) 


ALLTLVMK 






(74) Representative: Kilian, Helmut, Dr. 


(30) Priority: 27.06.2002 JP 2002188619 


Wilhelms, Kilian & Partner 




Patentanwalte 


(71) Applicant: TDK Corporation 


Eduard-Schmid-Strasse 2 


Chuo-ku, Tokyo 103-8272 (JP) 


81541 Miinchen (DE) 


(72) Inventors: 




• HAYASHIDA, Naoki, TDK Corporation 




Chuo-ku, Tokyo 103-8272 (JP) 





(54) OBJECT WITH COMPOSITE HARD COATING LAYER AND METHOD OF FORMING 
COMPOSITE HARD COATING LAYER 



CN 

m 



CL 

LU 



(57) The present invention provides inexpensively 
an article with ^ hard coat excellent in anti-staining prop- 
erty, lubricity, scratch resistance and abrasion resist- 
ance. The present invention also provides a method for 
forming the hard coat. A hard coat agent composition 
comprising an active energy ray-curable compound is 
applied onto a surface of an article (1) to be hard-coat- 
treated, thereby forming a hard coat agent composition 
layer, a surface material layer is formed by film-forming 



with a surface material comprising afiuorine-containing 
polyfunctional (meth)acrylate compound and a fluorine- 
containing monofunctional (meth)acrylate compound 
on the surface of the hard coat agent composition layer, 
and active energy rays are irradiated onto the formed 
hard coat agent composition layer and surface material 
layerso as to cure the both layers simultaneously, there- 
by forming a hard coat layer (2) contacting the surface 
of the article (1) and an' anti-staining surface layer (3) 
contacting the surface of the hard coat layer (2). 



Fig. 1 



CO 
CO 
CO 



EP 1 520 688 A1 



Description 

TECHNICAL FIELD 

5 [0001] The present invention relates to an article with a composite hard coat layer, and a method for forming a 
composite hard coat layer. In the present invention, a composite hard coat layer includes a hard coat layer which is 
formed on a surface of an article andhas scratch resistance and abrasion resistance, and an anti-staining surface layer 
which is formed on the surface of the hard coat layer and has anti-staining property and lubricity. More specifically, the 
present invention relates to an article having, on a surface thereof, a composite hard coat layer having anti-staining 

10 property, lubricity, scratch resistance and abrasion resistance in the field of various articles for which these properties 
are required, and a method for forming the composite hard coat layer. 

[0002] In particular, the present invention concerns a method for forming a composite hard coat layer having anti- 
staining property, lubricity, scratch resistance and abrasion resistance on a surface of an optical recording medium, a 
magneto-optical recording medium, an optical lens, an optical filter, an anti-reflection film, or any one of various display 
15 elements such as a liquid crystal display, a CRT display, a plasma display and an EL display, without deteriorating 
these optica! property and recording property, and also concerns an article on which this hard coat layer is formed. 

BACKGROUND ART 

20 [0003] Usually, a protective layer (hard coat layer) is given to the surface of various articles for which scratch resist- 
ance and abrasion resistance are required, for example, optical recording media such as a CD (Compact Disk) and a 
DVD (Digital Versatile Disk), magneto-optical recording media, an optical lens, an optical filter, an a nti- reflection film, 
and various display elements suchas a liquid crystal display, a CRT display, a plasma display and an EL display. 
[0004] In many cases, stains such as a fingerprint, sebum, sweat and cosmetics are adhered to the surface of these 

25 articles by user' s use of the articles. Once such stains are adheres thereto, they are not easily removed. This is a 
serious problem, in particular, for optical recording media or optical lenses used to record or reproduce the media since 
the recording and reproducing of information signals are remarkably obstructed by the adhered stains. 
[0005] In magneto-optical recording media, a magnetic head runs on an organic protective layer formed on their 
recording layer. Accordingly, it is required that the abrasion resistance of the protective layer is made high and, simul- 

30 taneously, the frictional coefficient thereof is made low. 

[0006] As the method for solving the former problem, suggested are various methods of forming, on the surface of 
an optical lens or the like, a layer having a nature that stains do not adhere easily to the layer and even if stains adhere 
to the layer, the stains are easily wiped off, that is, a layer having anti-staining property. Specifically, the following 
method is adopted in many cases: a method of forming a layer made of a fluorine-based compound or a silicone-based 

35 compound on the surface to give water repellency and oil repellency to the surface, thereby improving the anti-staining 
property. 

[0007] About the method for overcoming the latter problem, that is, the method for decreasing the frictional coefficient 
of the surface of a protective layer (hard coat layer), many measures have been suggested so far. Specifically, the 
following method is used in many cases: a method of forming, on the surface of the protective layer, a film made of a 
40 liquid lubricant such as a fluorine-based polymer (for example, perfluoropolyether) or a silicone-based polymer (for 
example, polydimethylsiloxane), thereby improving lubricity. 

[0008] Originally, the former anti-staining property and the latter lubricity are entirely different properties. However, 
it is common to the two that a fluorine-based compound or a silicone-based compound is used as means for giving 
each of these properties in many cases. Accordingly, problems common to the two are frequently caused when a 
45 fluorine-based compound or a silicone-based compound is used to give anti-staining property or lubricity to the surface 
of a hard coat. 

[0009] Many fluorine-based compounds or silicone-based compounds are soft. Thus, when these compounds are 
used, it is very difficult to obtain a sufficient abrasion resistance. In order to overcome such a problem, the following 
method can be considered: a method of adding an inorganic filler made of Si0 2 fine particles or the like to. a fluorine- 
50 based polymer or silicone-based polymer matrix tomake the abrasion resistance high. However, a little improvement 
is made but a satisfactory abrasion resistance cannot be obtained as far as the fluorine-based polymer or silicone- 
based polymer is used as the matrix, wherein the inorganic filler is dispersed. 

[0010] Therefore, the following method is considered: a method of making a protective layer into a lamination struc- 
ture composed of two or more different layers, making the lower layer into a layer made of a highly hard material, and 
55 forming an upper layer made of a fluorine-based compound or silicone-based compound on the surface thereof, thereby 
giving anti-staining property or lubricity. In this case, it is preferable to make the upper layer, which is made of the 
fluorine-based compound or silicone-based compound, as thin as possible so as to reflect the hardness of the lower 
layer in the upper layer, which constitutes the topmost surface of the lamination protective layer. However, in this 
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method, it is very difficult to obtain close adhesion between the lower layer and the upper layer which is made of the 
fluorine-based compound or silicone-based compound. 

[0011] As the method for solving the above-mentioned problem about the adhesion, for example, the following meth- 
od is known: a method of forming a lower layer made of an inorganic material such as Si0 2 by such a process as 

5 sputtering or sol-gel process; forming, on the surface of the lower layer, an upper layer made of alkoxysilane having 
fluoroalkyl group by such a process as vapor deposition or solution application; subjecting the resultant to heat treatment 
in the presence of a very small amount of water content so as to cause dehydration condensation between silanol 
groups generated by hydrolysis of the alkoxysilane and/or between the silanol groups and hydroxyl groups present in 
the surface of the lower layer made of Si0 2 or the like, whereby the upper layer is fixed onto the lower layer surface 

10 through chemical bonds and/or hydrogen bonds. 

[0012] In this method, it is desired that the lower layer surface has active groups such as hydroxyl groups at a high 
density. Therefore, the material that can be used in the lower layer is limited to an inorganic compound, in particular, 
a metal oxide or a metal chalcogenide such as Si0 2 , Al 2 0 3 , Ti0 2 orZnS. Even when the lower layer is made of a metal 
oxide such as Si0 2 , in order to make adhesion between this metal oxide and the alkoxysilane of the upper layer 

15 sufficient, it is necessary to subject the lower layer surface to activating treatment, such as alkali treatment, plasma 
treatment or corona discharge treatment, for increasing the density of active groups on the surface before the formation 
of the upper layer. 

[0013] An attempt is also made for using a lower layer made of an organic material such as polyethylene, polycar- 
bonate or polymethyl methacrylate; making the surface of the lower layer hydrophilic by such a method as plasma 

20 treatment or corona discharge treatment; and forming an upper layer made of the same alkoxysilane as described 
above on the surface of the lower layer. In this case, however, the adhesion is far poorer than in the case that the 
above-mentioned inorganic material is used as the lower layer. Thus, a sufficient durability is not obtained. 
[0014] In the case that a substrate to be hard-coat-treated is made of resin, according to the above-mentioned method 
in which an inorganic material such asSi0 2 is used as the lower layer, it is very difficult to obtain the abrasion resistance 

25 of the hard coat. When the layer made of the inorganic material such as Si0 2 is formed on the surface of the resin 
substrate, the thickness of the film which can be formed is at most about several hundred nanometers. It is difficult 
from the standpoint of the production process thereof to make the film thickness larger than such a value. Even if such 
a film can be formed, the inorganic film self-breaks easily since a difference in elastic modulus or thermal expansion 
coefficient between the inorganic film and the substrate is remarkably large. It is however difficult that the inorganic 

30 film having a thickness of several hundred nanometers gives a sufficient abrasion resistance. It is also difficult to obtain 
a sufficient adhesion between the resin substrate and the inorganic film. Consequently, the inorganic film is easily 
peeled. From this viewpoint, it is difficult to obtain a sufficient abrasion resistance, as well. 

[0015] Therefore, in the case that the substrate to be hard-coat-treated is made of resin, it is necessary to form a 
primer layer having a high elastic modulus on the resin substrate, form a lower layer made of the same inorganic film 
35 as described above on the primer layer, thereby keeping the adhesion between the resin substrate and the inorganic 
film and the strength of the inorganic film, subject the surface of the lower layer to activating treatment, and form an 
upper layer made of the same fluorine-based alkoxysilane as described above on the lower layer surface. Since it is 
necessary to form the three layers successively in this way, the productivity is very poor. 

[0016] Japanese Laid-open Patent Publication No. 9-137117 (1997) discloses a method of applying, onto a surface 
40 of a resin substrate, a composition comprising a polymerizable compound having in the molecule thereof at least two 
(meth)acryloyloxy groups and inorganic compound fine particles such as silica fine particles; photo-polymerizing and 
curing the polymerizable compound by irradiation of active energy rays; subjecting the surface of this cured film to 
corona treatment or plasma treatment; and then applying, onto the treated surface, a silane compound having in the 
molecule thereof at least one group which can generate silanol group by hydrolysis, thereby forming a silane compound 
45 coat having an improved adhesion to the above-mentioned cured film. In this case, in order to keep the adhesion 
between the silane compound coat as the upper layer and the cured film as the lower layer, it is likewise necessary to 
subject the cured film surface to corona treatment or plasma treatment. 

[0017] In the case that about a protective layer of the above-mentioned magneto-optical recording medium a liquid 
lubricant such as perfluoropolyether or polydimethylsiloxane is applied onto the surface of an organic protective layer 

50 to form a lubricant film, the adhesion between the organic protective layer and the liquid lubricant film may not be 
considered very much since the lubricant is a viscous liquid. However, there is a possibility in that the lubricant is 
decreased by sliding a magnetic field modulating head repeatedly for a long term or the lubricant volatilizes little by 
little in storage of the recording medium over a long term. In this method, therefore, it is desirable that the lubricant is 
firmly fixed on the organic protective layer surface. 

55 [0018] Meanwhile, in order to obtain anti-staining property, it is necessary to give water repellency or oil repellency 
to the surface of a protective layer, as described above. However, this manner is not necessarily sufficient. The operation 
of wiping off adhering stains is generally carried out by users. Therefore, in order that users can feel that the operation 
of wiping off stains is easy at the time of carrying out this operation, it is necessary to decrease the frictional coefficient 
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of the protective layer surface. Relationship between the anti-staining property of an article and thefrictionai coefficient 
thereof has hardly been pointed out so far. In reality, however, in order to give anti-staining property, it is essential to 
make the frictional coefficient low as well as give water repellency and oil repellency. 

[0019] By making the frictional coefficient of the surface low, an impact caused when a hard projection contacts the 
5 surface can be slipped away; therefore, the generation of scratches can be suppressed. Accordingly, from the stand- 
point of improving the scratch resistance of the hard coat, it is required to make the frictional coefficient of the surface 
low, as well. 

[0020] Japanese Laid-open Patent Publication Nos. 6-211945 (1994) and 2000-301053 disclose the formation of a 
hard coat layer by: applying, onto a substrate, a composition wherein flubroalkyl acrylate and an acrylic monomer 

10 incompatible with this are dissolved at a given ratio in a solvent capable of dissolving the two; and irradiating electron 
rays onto the composition immediately after the application so as to cure the composition. According to these publica- 
tions, by the application of the composition into a thickness of 1 to 15 urn and the irradiation of the electron rays 
immediately after the application, the solvent is instantaneously vaporized. Additionally, the fiuoroalkyl acrylate com- 
pound and the acrylic monomer are localized so that the composition is cured in the state that the fiuoroalkyl acrylate 

15 is distributed unevenly in the surface of the coat. 

[0021] However, according to the two publications, it is necessary to irradiate the electron rays onto the composition 
so as to cure the composition instantaneously afterthe application of the composition and before the uneven distribution 
based on the volatilization of the solvent because the composition containing the components incompatible with each 
other is used. Accordingly, the timing of irradiating the electron rays after the application is difficult and the method for 

20 the application is restricted very much. Coating methods in which the evaporation rate of the solvent is large, for ex- 
ample, spin coating cannot be used. 

[0022] A most serious problem in the methods disclosed in the publications is that there is a high possibility in that 
since the solvent is vaporized at the same time when the electron rays are irradiated, the solvent in the cured coat 
cannot be completely removed. In the publications, it is not at all examined whether the solvent is completely removed 
25 from the cured coat or not. In the case that a very small amount of the solvent remains inside, no problem is caused 
immediately after the formation of the hard coat but there is a possibility in that the coat is cracked or peeled after the 
use of the article with the coat over a long term. The hardness also becomes insufficient. Thus, a warp of the substrate 
on which the hard coat is formed is apt to increase gradually. 

[0023] In the method of vaporizing the solvent at the same time when the electron rays are irradiated, the cured coat 
30 is apt to have a porous structure. Thus/the hardness thereof is insufficient and, further, the optical property may de- 
teriorate. Accordingly, even if no problem is caused in the case of applying this method to the production of familiar 
articles, it is difficult to apply the method to the production of articles for which a very high optical property is required, 
for example, an optical lens or an optical recording medium. 

[0024] In short, a hard coat wherein anti-staining property, lubricity and abrasion resistance are simultaneously re- 
35 alized at high levels has never been known so far. 

DISCLOSURE OF THE INVENTION 

Objects of the Invention 

40 

[0025] An object of the present invention is to solve the above-mentioned problems in the related art and provide 
inexpensively an article with a hard coat excellent in anti-staining property, lubricity, scratch resistance and abrasion 
resistance. An object of the present invention is also to provide a method for forming a hard coat excellent in anti- 
staining property, lubricity, scratch resistance and abrasion resistance inexpensively and easily. 

45 

Summary of the Invention 

[0026] The present inventors made eager investigation. As a result, the present inventors have found out that a hard 
coat layer having scratch resistance and abrasion resistance is cured/made on a surface of an article, and an anti- 
50 staining surface layer having anti-staining property and lubricity is cured/made on the surface of the hard coat layer 
simultaneously by irradiating active energy rays onto the both layers, thereby forming a composite hard coat layer in 
which the anti-staining surface layer and the hard coat layer are firmly adhered to each other. Thus, the present invention 
has been made. 

[0027] The present invention is an article with a composite hard coat layer comprising a hard coat layer on a surface 
55 of the article and an anti-staining surface layer on a surface of the hard coat layer, wherein the hard coat layer is made 
of a cured product of a hard coat agent composition comprising an active energy ray-curable compound, the anti- 
staining surface layer is made of a cured product of a surface material comprising a fluorine-containing polyfunctional 
(meth)acrylate compound and a fluorine-containing monofunctional (meth)acrylate compound, and the anti-staining 
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surface layer is fixed on the hard coat layer. 

[0028] The present invention is the above-described article with the composite hard coat layer wherein the anti- 
staining surface layer has a thickness of 1 nm or more and 100 nm or less. 

[0029] The present invention is the above-described article with the composite hard coat layer wherein the active 
5 energy ray-curable compound comprised in the hard coat agent composition is a compound having at least one reactive 

group selected from the group consisting of (meth)acryloyl group, vinyl group and mercapto group. 

[0030] The present invention is the above-described article with the composite hard coat layer wherein the hard coat 

agent composition comprises a photopolymerization initiator, and comprises an inorganic filler if necessary. 

[0031] The present invention is a method for forming a composite hard coat layer comprising a hard coat layer and 
10 an anti-staining surface layer on a surface of an article, the method 

characterized in the steps of; 

applying a hard coat agent composition comprising an active energy ray-curable compound onto a surface of an 
article to be hard-coat-treated, thereby forming a hard coat agent composition layer, 
15 film-forming, on a surface of the hard coat agent composition layer, with a surface material comprising a fluorine- 

containing polyfunctional (meth)acrylate compound and a fluorine-containing monofunctional (meth)acrylate com- 
pound, thereby forming a surface material layer, and 

irradiating active energy rays onto the formed hard coat agent composition layer and surface material layer so as 
to cure the both layers simultaneously, thereby forming a hard coat layer contacting the surface of the article and 
20 an anti-staining surface layer contacting the surface of the hard coat layer. 

[0032] The present invention is the above-described method for forming the composite hard coat layer wherein the 
anti-staining surface layer is formed to have a thickness of 1 nm or more and 100 nm or less. 

[0033] The present invention is the above-described method for forming the composite hard coat layer wherein after 
25 the hard coat agent composition is applied onto the surface of the article, the hard coat agent composition layer is 
dried to remove a solvent contained in the hard coat agent composition from the hard coat agent composition layer, 
and then the surface material layer is formed. 

[0034] The present invention is the above-described method for forming the composite hard coat layer wherein after 
the hard coat agent composition is applied onto the surface of the article, the hard coat agent composition layer is 
30 dried if necessary, active energy rays are irradiated onto the hard coat agent composition layer to turn the composition 
layer into ahalf-cured state, and then the surface material layer is formed. 

[0035] The present invention is the above-described method for forming the composite hard coat layer wherein the 
surface material layer is formed by film-forming with the surface material by applying or depositing. 
[0036] The present invention is the above-described method for forming the composite hard coat layer wherein at 
35 the time of film-forming by applying the surface material to form surface material layer, there is used, as a solvent, a 
solvent in which the active energy ray-curable compound in the already-formed hard coat agent composition layer is 
not substantially dissolved. 

[0037] The present invention is the above-described method for forming the composite hard coat layer wherein the 
active energy ray-curable compound comprised in the hard coat agent composition is a compound having at least one 
40 reactive group selected from the group consisting of (meth)acryloyl group, vinyl group and mercapto group. 

[0038] The present invention is the above-described method for forming the composite hard coat layer wherein the 
active energy rays are electron rays or ultraviolet rays. 

[0039] The present invention is the above-described method for forming the composite hard coat layer wherein the 
active energy rays are irradiated in an atmosphere having an oxygen concentration of 500 ppm or less. 
45 [0040] The present invention is an article with a composite hard coat layer comprising a hard coat layer on a surface 
of the article and an anti-staining surface layer on a surface of the hard coat layer, wherein the article is obtained by 

applying a hard coat agent composition comprising an active energy ray-curable compound onto a surface of an 
article to be hard-coat-treated, thereby forming a hard coat agent composition layer, 
50 film-forming, on a surface of the hard coat agent composition layer, with a surface material comprising a fluorine- 

containing polyfunctional (meth)acrylate compound and a fluorine-containing monofunctional (meth)acrylate com- 
pound, thereby forming a surface material layer, and 

irradiating active energy rays onto the formed hard coat agent composition layer and surface material layer so as 
to cure the both layers simultaneously, thereby forming a hard coat layer contacting the surface of the article and 
55 an anti-staining surface layer contacting the surface of the hard coat layer. 



[0041] In the present invention, the article is, for example, an optical recording medium, a magneto-optical recording 
medium, an optical lens, an optical filter, an anti-reflection film, or any one of various display elements. Examples of 
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the display element include a liquid crystal display, a CRT display, a plasma display and an EL display. 
[0042] In the description, the wording "a hard coat agent composition layer" means a hard coat layer which has not 
been cured or has been half-cured (i.e., has been partially cured). The wording "a surface material layer" means a 
surface layer, namely an anti-staining surface layer, which has not been cured. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0043] 

10 Fig. 1 is a sectional view which schematically illustrates an example of the layer structure of the article with a 

composite hard coat layer of the present invention. 

Fig. 2 is a schematic sectional view of an example of the optical disk with a composite hard coat layer of the present 
invention. 

15 MODES FOR CARRYING OUT THE INVENTION 

[0044] The following describes the embodiment of the present invention in detail with reference to Fig. 1. 
[0045] Fig. 1 is a sectional view which schematically illustrates an example of the layer structure of the article with 
a composite hard coat layer of the present invention. In Fig. 1 , a hard coat layer (2) is formed on a surface of an article 
20 (1 ) to be hard-coat-treated, and an anti-staining surface layer (3) is formed to contact the surface of the hard coat layer 
(2). The combination of the hard coat layer (2) and the anti-staining surface layer (3) is referred to as the composite 
hard coat layer for the sake of convenience. 

[0046] Examples of the article (1) include various objects for which hard coat treatment is necessary. Specific ex- 
amples thereof include sheets or substrates made of a thermoplastic resin such as polyethylene terephthalate (PET), 
25 polymethyl methacrylate, polyethylene, polypropylene and polycarbonate. However, the article (1) is not limited to these 
1 examples. More specific examples of the article include an optical recording medium, a magneto-optical recording 
medium, an optical lens, an optical filter, an anti-reflection film, and various display elements such as a liquid crystal 
display, a CRT display, a plasma display and an EL display. 

[0047] First, a hard coat agent composition containing an active energy ray-curable compound is applied onto a 

30 surface of the article (1) so as to form a hard coat agent composition layer. Next, a surface material layer is formed by 
film-forming with a surface material (i.e., the material having anti-staining property and lubricating property) comprising 
a fluorine-containing polyfunctional (meth)acrylate compound and a fluorine-containing monofunctional (meth)acrylate 
compound on the surface of the hard coat agent composition layer. The following describes respective components 
of the hard coat agent composition and the surface material. 

35 [0048] The active energy ray-curable compound contained in the hard coat agent composition is any compound 
having at least one reactive group selected from (meth)acryloyl group, vinyl group and mercapto group. The structure 
of this compound is not particularly limited. The active energy ray-curable compound preferably contains a polyfunc- 
tional monomer or oligomer containing, in the single molecule thereof, 2 or more, preferably 3 or more polymerizable 
groups in order to give a sufficient hardness to a hard coat. The active energy ray-curable compound may contain a 

40 monofunctional monomer. 

[0049] Among such active energy ray polymerizable compounds, examples of the compound having (meth)acryloyl 
group include 1 ,6-hexanediol di(meth)acrylate, triethylene glycol di(meth)acrylate, ethylene oxide-modified-bisphenol 
Adi(meth)acrylate, trimethylolpropane tri(meth)acrylate, pentaerythritoltetra(meth)acrylate, ditrimethylolpropane tetra 
(meth)acrylate, dipentaerythritol hexa(meth)acrylate, pentaerythritol tri(meth)acrylate, 3~(meth)acryloyloxyglycerin mo- 

45 no(meth)acrylate, urethane acrylate, epoxy acrylate, and ester acrylate. However, the compound having (meth)acryloyl 
group is not limited to these examples. 

[0050] Examples of the compound having vinyl group include ethylene glycol divinyl ether, pentaerythritol divinyl 
ether, 1 ,6-hexanediol divinyl ether, trimethylolpropane divinyl ether, ethylene oxide-modified hydroquinone divinyl ether, 
ethylene oxide-modified bisphenol A divinyl ether, pentaerythritol trivinyl ether, dipentaerythritol hexavinyl ether, and 

50 ditrimethylolpropane polyvinyl ether. However, the compound having vinyl group is not limited to these examples. 

[0051] Examples of the compound having mercapto group include ethylene glycol bis(thioglycolate), ethylene glycol 
bis(3-mercaptopropionate), trimethylolpropane tris(thioglycolate), trimethylolpropane tris(3-mercaptopropionate), pen- 
taerythritol tetrakis(mercaptoacetate), pentaerythritol tetrakis(thioglycolate), and pentaerythritol tetrakis(3-mercapto- 
propionate). However, the compound having mercapto group is not limited to these examples. 

55 [0052] The active energy ray-curable compounds contained in the hard coat agent composition may be used alone 
or in combination of two or more thereof. 

[0053] The hard coat agent composition may contain a known photopolymerization initiator. The photopolymerization 
initiator is not particularly necessary when electron rays are used as the active energy rays. However, when ultraviolet 
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rays are used, the initiator is necessary. Examples of a radical photo initiator, among the photopolymerization initiators, 
include DAROCURE 1173, IRGACURE 651, IRGACURE 184, and IRGACURE 907 (all of which are products manu- 
factured by Ciba Specialty Chemicals Inc.). The content by percentage of the photopolymerization initiator is, for ex- 
ample, from about 0.5 to 5% by weight of the hard coat agent composition (as a solid content). 
[0054] When necessary, the hard coat agent composition may contain an inorganic filler in order to improve abrasion 
resistance. Examples of the inorganic fillers include silica, alumina, zirconia, and titania. The inorganic filler has a 
particle size of, for example, about 5 to 50nm. Preferably, the surface of the inorganic filler is modified with a compound 
having an active energy ray polymerizable group. Once polymerized, the filler is fixed in the polymer matrix. One 
example of such inorganic fillers is reactive silica particles described in Japanese Laid-Open Patent Publication No. 
9-100111(1997). Such particles are suitable for use in the present invention. The use of such an inorganic filler in the 
hard coat agent composition can further improve the abrasion resistance of the hard coat layer. The amount of the 
inorganic filler in the hard coat agent composition (as solid component) is for example from about 5 to 80% by weight. 
If the amount of the inorganic filler is in excess of 80% by weight, the film strength of the hard coat layer tends to be 
decreased, 

[0055] When necessary, the hard coat agent composition may further contain a non-polymerizable diluent, a pho^ 
topolymerization co-initiator, an organic filler, a polymerization inhibitor, an antioxidant, an ultraviolet ray absorber, a 
photo-stabilizer, an antifoajflgr, a leveling agent, a pigment, and a silicon compound and others. 
[0056] The surface material Comprises a fluorine-containing polyfunctional (meth)acrylate compound and a fluorine- 
containing fhdhofunctional (meth)acrylate compound. These compounds are active energy ray polymerizable com- 
ipc^nds. The cured products of these compounds exhibit anti-staining property and lubricating property and can thus 
rjmpaft water repellency and/or lubricity to the surface of articles. When a fluorine-containing polyfunctional (meth) 
acrylate compound is used as the surface material, the adhesion to the hard coat layer is increased and the resulting 
composite hard coat layer becomes highly durable. When a fluorine-containing monofunctional (meth)acrylate com- 
pound is used as the surface material, the surface smoothness of the resulting composite hard coat layer becomes 
significantly high. 

[0057] Examples of the fluorine-containing polyfunctional (meth)acrylate compounds include straight-chained per- 
fluoroalkylene di(meth)acrylates, perfluoropolyether di(meth)acrylates, perfluoropolyethertri(meth)acrylates, and per- 
fluoropolyether tetra(meth)acrylates. 

[0058] Examples of the straight-chained perfluoroalkylene di(meth)acrylates include di(meth)acrylates that include 
perfluoroalkylene group having 12 or fewer carbon atoms, preferably 8 or more and 12 or fewer carbon atoms, and 
are represented by the following general formula; 

CH 2 =C(R 1 )COO-R 3 -(CF 2 ) n -R 4 -OCOC(R 2 )=CH 2 

wherein R 1 and R 2 each independently represent H or methyl; R 3 and R 4 each independently represent a lower alkylene; 
and n is an integer from 1 to 12. Examples of the lower alkylene group for R 3 and R 4 include -CH 2 -, -CH 2 CH 2 -, and 
((CF 2 ) n group side)-CH 2 OCH 2 -CH(OH)CH 2 -(acryl group side). 

[0059] Specific examples of the straight-chained perfluoroalkylene di(meth)acrylates include, but are not limited to, 
1H ) 1H ) 6H,6H-perfluoro-1,6-hexanedioldi(meth)acryIate, 1 H,1H,10H,10H-perfluoro-1 ,10-decanediol di(meth)acrylate f 
and 

1H,1H,10H,10H-perfluoro-1,10-decanediol diepoxy(meth)acrylate. 

[0060] Examples of the perfluoropolyether di(meth)acrylates include di(meth)acrylates or diepoxy(meth)acrylates 
obtained from diol-modified perfluoropolyethers. Specific examples include di(meth)acrylates or diepoxy(meth)acr- 
ylates synthesized by using the following diol-modified perfluoropolyethers as the diol component: 

HOCH 2 CF 2 0-(CF 2 CF 2 0)m-/-(CF 2 0) n -CF 2 CH 2 OH 

(Ausimont Co., Fomblin Z DOL, molecular weight: about 2,000) and 

HO(CH 2 CH 2 0) 1 -CH 2 CF 2 0-(CF 2 CF 2 0) m -/-(CF 2 0) n -CF 2 CH 2 -(OCH 2 CH 2 ) 1 OH 

(Ausimont Co., Fomblin Z DOL TX2000, molecular weight: about 2,200) 
(I, m, and n each indicate the degree of polymerization). 

[0061] "Examples of the perfluoropolyethertetra(meth)acrylates include tetra(meth)acrylates ortetraepoxy(meth)acr- 
ylates obtained from tetraol-modified perfluoropolyethers. Specific examples are tetra(meth)acrylates or tetraepoxy 
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(meth)acrylates synthesized by using the following tetraol-modified perfluoropolyethers as the tetraol component: 
HOCH 2 CH(OH)CH 2 0-CH 2 CF 2 0-(CF 2 CF 2 0) m -/-(CF 2 0) n -CF 2 CH 2 OCH 2 CH(OH)CH 2 OH 

5 

(Ausimont Co., Fomblin Z TETRAOL) 

(m and n each indicate the degree of polymerization). 

[0062] These fluorine-containing polyfunctional (meth)acrylate compounds may be used alone or in combination of 
two or more thereof. 

10 [0063] Examples of the fluorine-containing monofunctional (meth)acrylate compounds include straight-chained per- 
fluoroalkyl mono(meth)acrylates and perfluoropolyether mono(meth)acrylates. 

[0064] Examples of the straight-chained perfluoroalkyl mono(meth)acrylates include those including perfluoroalkyl 
group having 12 orfewer carbon atoms. Specific examples include, but are not limited to, 2,2,3,3,3-pentafiuoropropyl 
(methJacrylate^.^S.a-tetrafluoro 1H,1H,5H-octafluoropenty! 

15 (meth)acrylate, 1H,1H-perfluoro-n-octyl (meth)acrylate, 1H,1H-perfluoro-n-decyl (meth)acrylate, 3-(perfluoro-5-meth- 
ylhexyl)-2-hydroxypropyl (meth)acrylate, 2-(perfluorooctyl)ethyl (meth)acrylate, 3-perfluorooctyl-2-hydroxypropyl 
(meth)acrylate, 2-(perfluorodecyl)ethyl (meth)acrylate, 2-(perfluoro-9-methyloctyl)ethyl (meth)acrylate, 2-(perfluoro- 
7-methyloctyl)ethyl (meth)acrylate, 3-(perfluoro-7-methyloctyl)ethyl (meth)acrylate, 3-(perfluoro-7-methyloctyl)-2-hy- 
droxypropyl(meth)acrylate, 2-(perfluoro-9-methyldecyl)ethyl (meth)acrylate, and 1H,1H,9H-hexadecafluorononyi 

20 (meth)acrylate. 

[0065] Of these straight-chained perfluoroalkyl mono(meth)acrylates, preferred are those including perfluoroalkyl 
group having 8 to 12 carbon atoms, including 3-perfluorooctyl-2-hydroxypropyl (meth)acrylate, 2-(perfluorodecyl)ethyl 
(meth)acrylate, 2-(perfluoro-7-methylocty!)ethyl (meth)acrylate, and 3-(perfluoro-7-methyloctyl)-2-hydroxypropyl 
(meth)acrylate. 

25 [0066] Examples of the perfluoropolyether mono(meth)acrylates include (meth)acrylates or epoxy(meth)acrylates 
obtained from alcohol-modified perfluoropolyethers. Specific examples include (meth)acrylates or epoxy(meth)acr- 
ylates synthesized by using the following alcohol-modified perfluoropolyethers as the alcohol component: 
F-(CF 2 CF 2 CF 2 0)-CF 2 CF 2 CF 2 OH (Daikin Industries, Ltd. , Demnum SA) r and 
F-[CF(CF 3 )CF 2 0]-CF(CF 3 )CF 2 OH (DuPont, Krytox-OH). 

30 [0067] These fluorine-containing monofunctional (meth)acrylate compounds may be used alone or in combination 
of two or more thereof. 

[0068] For the purposes of improving adhesion to the hard coat layer and ensuring high surface smoothness, the 
weight ratio of the fluorine-containing polyfunctional (meth)acrylate compound (P) to the fluorine-containing monofunc- 
tional (meth)acrylate compound (M) in the surface material (P/M) is for example from 0.05/1 .0 to 1 0/1 .0 and preferably 
35 from 0.1/1.0 to 5.0/1.0 although the ratio may vary depending on the types of the compounds used. If the ratio P/M is 
greater than 1 0/1 .0, the surface smoothness tends to be decreased to some extent, whereas the desired effect of the 
fluorine-containing polyfunctional (meth)acrylate compound (P) to improve the adhesion to the hard coat layer can 
hardly be achieved if the ratio P/M is less than 0.05/1.0. 

[0069] A high surface smoothness can still be achieved even when the ratio P/M is relatively large by adjusting the 
40 total concentration of the polyfunctional and the monofunctional fluorine-containing (meth)acrylates (P+M) in the sur- 
face material solution to for example about 1 .0% by weight or less, and preferably about 0.1 to 0.5% by weight. 
[0070] As with the hard coat agent composition, the surface material may contain, when necessary, a non-polymer- 
izable diluent, a photopolymerization initiator, a photopolymerization co-initiator, an organic filler, an inorganic filler, a 
polymerization inhibitor, an antioxidant, an ultraviolet ray absorber, a photo-stabilizer, an antifoamer, a leveling agent, 
45 a pigment, and a silicon compound and others. However, the material selected must be such that it can form a 1nm 
or more and 100nm or less thick ultra-thin film to serve as the anti-staining surface layer. 

[0071] In the present invention, the above-mentioned hard coat agent composition is first applied onto the surface 
of the article (1 ) to form a hard coat agent composition layer. The coating method for the application is not limited, and 
may be any one of various coating methods such as spin coating, dip coating and gravure coating methods. 

so [0072] After the hard coat agent composition is applied onto the surface of the article (1 ) and before the film is formed 
with the surface material, it is preferable to remove the fluidity of the hard coat agent composition layer. The removal 
of the fluidity of the hard coat agent composition layer makes it possible to prevent a variation in the thickness of the 
hard coat agent composition layer or a deterioration in the surface smoothness thereof when the film is formed with 
the surface material on this composition layer. In this way, the surface material can easily be made into a uniform film. 

55 [0073] To remove the fluidity of the hard coat agent composition layer, for example, it is advisable to dry, after the 
application of the composition, the applied layer so as to remove the solvent contained in the composition from the 
hard coat agent composition layer. It is also allowable to irradiate, after the application and optional drying of the applied 
layer, active energy rays such as ultraviolet rays onto the layer so as to turn the hard coat agent composition layer into 
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a half-cured state. The word "half-cured " means that a part of the hard coat agent composition has not yet reacted. 
Accordingly, the physical hardness of the hard coat agent composition layer is not limited. Thus, the tackiness of the 
surface is allowed to be lost. To achieve such half-cured state, the amount of the active energy rays, such as ultraviolet 
rays, to be irradiated may be reduced. In this manner, the hard coat agent composition remains unreacted at least in 

5 the vicinity of the surface of the hard coat agent composition layer. 

[0074] Next, a surface material layer is formed by film-forming with the above-mentioned surface material on the 
surface of the hard coat agent composition layer which has not been cured or which has been partially cured (i.e., 
which is in the half-cured state). It is advisable to form the surface material layer in such a manner that the thickness 
of an anti-staining surface layer finally obtained will be made into 1 nm or more and 100 nm or less, preferably 5 nm 

10 or more and 50 nm or less. If the thickness is less than 1 nm, effects of anti-staining property and lubricity are not 
sufficiently obtained. If the thickness exceeds 100 nm, the hardness of the underlying hard coat layer is not sufficiently 
reflected. Thus, effects of scratch resistance and abrasion resistance decrease. 

[0075] The film-forming can be conducted by the application or the deposition of the surface material. The manner 
of the film-forming by application is described in the following. The surface material is applied by diluting the surface 
15 material with a suitable solvent and then applying the resultant coating solution by any one of various methods such 
as spin coating, dip coating, gravure coating, and spray coating methods. 

[0076] It is preferred to use, as the solvent in this case, a solvent in which the active energy ray-curable compound 
in the hard coat agent composition layer which has not been cured or has been partially cured is not substantially 
. dissolved. It depends on not only the kind of the solvent but also the coating method whether or not the hard coat agent 

20 composition layer is substantially dissolved. In many cases in which as the coating method of the surface material 
layer, for example, spin coating is used, almost all of the diluent contained in the coating solution volatilizes when the 
spin coating is performed. Therefore, even if a solvent in which the hard coat agent composition layer is dissolved to 
some degree is used as the diluent, no practical problems are caused. In the case that as the coating method of the 
surface material layer, for example, dip coating is used, the hard coat agent composition layer surface which has not 

25 been cured contacts the surface material layer coating solution for a long time. It is therefore necessary to use a solvent 
in which the hard coat agent composition layer material is not at all dissolved or is hardly dissolved. 
[0077] In this way, the hard coat agent composition layer which has not been cured or has been partially cured (i.e., 
which is in the half-cured state) and the surface material layer which is positioned on the surface thereof and has not 
been cured are formed. 

30 [0078] Next, the formed hard coat agent composition layer and surface material layer are irradiated with active energy 
rays so as to be simultaneously cured. At this time, the active energy rays having an energy amount sufficient to cure 
the both layers completely are irradiated to complete the curing reaction of the both layers. By curing, at the same 
time, the hard coat agent composition layer which has not been cured or has been partially cured and the surface 
material layer which is formed to contact the surface thereof and has not been cured, the both layers are firmly adhered 

35 to each other in the interface therebetween. That is, the cured anti-staining surface layer (3) adhered firmly onto the 
cured hard coat layer (2) is obtained. 

[0079] By use of such a process of the present invention, it is possible to form, on the high-hardness hard coat layer 
(2), the anti-staining surface layer (3) which is so thin as to reflect the hardness thereof on the topmost surface and is 
good in water repellency and lubricity and, further, it is possible to obtain good adhesion between the hard coat layer 

40 (2) and the anti-staining surface layer (3). 

[0080] As the means for curing the hard coat agent composition layer and the surface material layer simultaneously, 
suitable means selected from active energy rays such as ultraviolet rays, electron rays, and visible rays may be used. 
However, in the present invention, to set the thickness of the anti-staining surface layer into a very small value, such 
as a value of 1 nm or more and 1 00 nm or less, preferably 5 nm or more and 50 nm or less and obtain better adhesion 

45 of the surface layer to the hard coat layer, it is necessary to use the curing method capable of exhibiting the good 
reactivity near the interface of the both layers. 

[0081] Specifically, if either electron rays or ultraviolet rays should be used as the active energy rays, it is preferable 
to conduct purging with inert gas such as nitrogen in such a manner that the oxygen concentration in the atmosphere 
for the active energy ray irradiation will be 500 ppm or less, preferably 200 ppm or less and more preferably 10 ppm 

so or less. This is because the hindrance of the surface-curing, resulting from oxygen radicals present in the irradiation 
atmosphere, is suppressed. Alternatively, known various oxygen-hindrance inhibitors may be added to the hard coat 
agent composition and/or the surface material instead of the control of the oxygen concentration in the irradiation 
atmosphere. Examples of such an oxygen-hindrance inhibitor include oxygen-hindrance inhibitors described in Japa- 
nese Laid-open Patent Publication Nos. 2000-109828, 2000-109828 and 2000-144011. Needless to say, it is allowable 

55 . to use both of the oxygen-hindrance inhibitor and the control of the oxygen concentration in the irradiation atmosphere. 
[0082] By use of such materials and such film-forming and film-curing methods, there is formed a composite hard 
coat layer which is excellent in abrasion resistance, water repellency and lubricity and is also good in persistence of 
these properties. 
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EXAMPLES 

[0083] The present invention will be described more specifically by way of the following examples. However, the 
present invention is not limited to these examples. 

5 

[Example 1] 

[0084] An ultraviolet ray-curable/electron ray-curable hard coat agent (DESOLITE Z7503, manufactured by JSR 
Corp.) was applied onto a polycarbonate substrate (thickness: 0.6 mm, diameter: 12 cm) by spin coating. Thereafter, 

10 the resultant was heated at 60°C in the atmosphere for 3 minutes, to remove the diluent in the coat. In this way, a hard 
coat layer which had not been cured was formed. The above-mentioned hard coat agent was a composition containing 
a reactive inorganic filler, disclosed in Japanese Laid-open Patent Publication No. 9-100111 (1997). 
[0085] Next, 0.33 part by weight of perfluoropolyether diacryiate (acryl-modified product of a Fomblin Z DOL manu- 
factured by Ausimont Co., molecular weight: about 2,000) and 0.17 part by weight of 3-perfluorooctyl-2-hydroxypropyl 

15 acrylate (manufactured by Daikin Fine Chemical laboratory Co.) were added to 99.5 parts by weight of a fluorine-based 
solvent (FLUORINERT FC-77 manufactured by Sumitomo 3M Ltd.) so as to prepare a surface material solution. This 
solution was applied onto the above-mentioned hard coat layer which had not been cured by spin coating. The resultant 
was dried at 60°C for 3 minutes to form a surface layer which had not been cured. 

[0086] Thereafter, electron rays were irradiated onto the surface layer under nitrogen flow, thereby curing the hard 
20 coat layer and the surface layer simultaneously, A CURETRON (manufactured by NHV Corp.) was used as an electron 
rays irradiating device, and the accelerating voltage of the electron rays and the irradiation dose thereof were set to 
200 kV and 5 Mrad, respectively. The oxygen concentration in the irradiation atmosphere was 80 ppm. The thickness 
of the cured hard coat layer was 3.4 p.m, and the thickness of the cured surface layer was about 30 nm. The thickness 
of the surface layer was measured by X-ray fluorescence analysis (XRF), using perfluoropolyether (DEMNUM, man- 
25 ufactured by Daikin Industries, Ltd.) as a standard material. In this way, the substrate with the composite hard coat 
layer was obtained. 

[Example 2] 

30 [0087] An ultraviolet ray-curable/electron ray-curable hard coat agent (DESOLITE Z7503, manufactured by JSR 
Corp.) was applied onto a polycarbonate substrate (thickness: 0.6 mm, diameter: 12 cm) by spin coating. Thereafter, 
the resultant was heated at 60°C in the atmosphere for 3 minutes, to remove the diluent in the coat. Thereafter, weak 
ultraviolet rays (a high-pressure mercury lamp, 80 mJ/cm 2 ) were irradiated in the atmosphere, a hard coat layer which 
had been half-cured was formed. 

35 [0088] Next, 0.33 part by weight of perfluoropolyether diacryiate (acryl-modified product of a Fomblin Z DOL manu- 
factured by Ausimont Co., molecular weight: about 2,000) and 0.17 part by weight of 3-perfluorooctyl-2-hydroxypropyi 
acrylate (manufactured by Daikin Fine Chemical laboratory Co.) were added to 99.5 parts by weight of a fluorine-based 
solvent (FLUORINERT FC-77 manufactured by Sumitomo 3M Ltd.) so as to prepare a surface material solution. This 
solution was applied onto the above-mentioned hard coat layer which had been half-cured by spin coating. The resultant 

40 was dried at 60°C for 3 minutes to form a surface layer which had not been cured. 

[0089] Thereafter, under the same electron ray irradiating condition as Example 1 , electron rays were irradiated onto 
the surface layer under nitrogen flow, thereby curing the hard coat layer and the surface layer simultaneously to obtain 
the substrate with the composite hard coat layer. The thickness of the cured hard coat layer was 3.4 jj.m, and the 
thickness of the cured surface layer was about 32 nm. 

45 

[Example 3] 

[0090] 0.17 part by weight of perfluoropolyether diacryiate (acryl-modified product of a Fomblin Z DOL manufactured 
by Ausimont Co., molecular weight: about 2,000) and 0.08 part by weight of 3-perfluorooctyl-2-hydroxypropyl acrylate 
50 (manufactured by Daikin Fine Chemical laboratory Co.) were added to 99. 75 parts by weight of a fluorine-based solvent 
(FLUORINERT FC-77 manufactured by Sumitomo 3M Ltd.) so as to prepare a surface material solution. A substrate 
with a composite hard coat layer was obtained in the same way as in Example 1 except that this solution was used as 
surface material solution. The thickness of the cured hard coat layer was 3.4 nm, and the thickness of the cured surface 
layer was about 19 nm. 

55 

[Example 4] 

[0091] 0.25 part by weight of perfluoropolyether diacryiate (acryl-modified product of a Fomblin Z DOL manufactured 



in 
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by Ausimont Co., molecular weight: about 2,000) and 0.25 part by weight of 3-perfluorooctyI-2-hydroxypropyl acrylate 
(manufactured by Daikin Fine Chemical laboratory Co.) were added to 99.5 parts by weight of a fluorine-based solvent 
(FLUORINERT FC-77 manufactured by Sumitomo 3M Ltd.) so as to prepare a surface material solution. A substrate 
with a composite hard coat layer was obtained in the same way as in Example 1 except that this solution was used as 
s surface material solution. The thickness of the cured hard coat layer was 3.4 pxn, and the thickness of the cured surface 
layer was about 32 nm. 

[Example 5] 

10 [0092] 0.13 part by weight of perfluoropolyetherdiacrylate (acryl-modified product of a Fomblin Z DOL manufactured 
by Ausimont Co., molecular weight: about 2,000) and 0.38 part by weight of 3-perfluorooctyl-2-hydroxypropyl acrylate 
(manufactured by Daikin Fine Chemical laboratory Co.) were added to 99.5 parts by weight of a fluorine-based solvent 
(FLUORINERT FC-77 manufactured by Sumitomo 3MLtd.) so as to prepare a surface material solution, A substrate 
with a composite hard coat layer was obtained in the same way as in Example 1 except that this solution was used as 

15 surface material solution. The thickness of the cured hard coat layer was 3.4 urn, and the thickness of the cured surface 
layer was about 35 nm. 

[Comparative Example 1] 

20 [0093] An ultraviolet ray-curable/electron ray-curable hard coat agent (DESOLITE Z7503, manufactured by JSR 
Corp.) was applied onto a polycarbonate substrate (thickness: 0.6 mm, diameter: 12 cm) by spin coating. Thereafter, 
the resultant was heated at 60°C in the atmosphere for 3 minutes, to remove the diluent in the coat. In this way, a hard 
coat layer which had not been cured was formed. 

[0094] Next, a solution comprising 0.5% by mass of 2-(perfluorodecyl)ethyl acrylate (manufactured by Daikin Fine 
25 Chemical laboratory Co.) and 99.5% by mass of FLUORINERT FC-77 (manufactured by Sumitomo 3M Ltd.) was 
applied onto the above-mentioned hard coat layer which had not been cured by spin coating. The resultant was dried 
at 60°C for 3 minutes to form a surface layer which had not been cured. 

[0095] Thereafter, under the same electron ray irradiating condition as Example 1, electron rays were irradiated onto 
the surface layer under nitrogen flow, thereby curing the hard coat layer and the surface layer simultaneously to obtain 
30 the substrate with the composite hard coat layer. The thickness of the cured hard coat layer was . 3.4 urn, and the 
thickness of the cured surface layer was about 36 nm. 

[Comparative Example 2] 

35 [0096] 5 parts by weight of 2-(perfluorooctyl)ethyl acrylate (manufactured by Daikin Fine Chemical laboratory Co.) 
was added to 95 parts by weight of ultraviolet ray-curable/electron ray-curable hard coat agent (DESOLITE Z7503, 
manufactured by JSR Corp.) so as to prepare the uniform composition. This composition was applied onto a polycar- 
bonate substrate (thickness: 0.6 mm, diameter: 12 cm) by spin coating. Thereafter, electron rays were immediately 
irradiated under nitrogen flow to cure the applied composition, thereby the substrate with the composite hard coat layer 

40 was obtained. Electron ray irradiating condition was the same as Example 1. The thickness of the cured hard coat 
layer was 4.0 u.m. 

(Evaluation) 

45 [0097] About the respective specimens produced in Examples 1 to 5 and Comparative Examples 1 and 2, the fol- 
lowing performance tests were made. 

(1) Abrasion resistance 

so [0098] A steel wool #0000 was used, and the wool was reciprocated 20 times so as to be slid onto the hard coat 
surface of each of the specimens under a load of 4.9 N/cm 2 . The degree of injuries generated at this time was judged 
with the naked eye. The criterion for the judgment was as follows: 

O: No injuries were generated; 
55 a : Injuries were slightly generated; and 
x: Injuries were generated. 
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(2) Water Repellency and Persistence thereof 

[0099] The contact angle of water to the hard coat surface of each specimen was measured. The measurement was 
made after the specimen was left at room temperature for one day from the production thereof (initial time), after the 

5 hard coat surface of the specimen left at room temperature for one day from the production thereof was slid with a 
cloth impregnated with a solvent, and after the hard coat surface of the specimen left at room temperature for 30 days 
from the production thereof was slid with a cloth impregnated with a solvent. Conditions for the sliding were as follows: 
a nonwoven cloth (Bemcot Lint-free CT-8, manufactured by Asahi Kasei Co., Ltd.) was impregnated with acetone, and 
the cloth was reciprocated 50 times to be slid on the specimen surface under a load of 4.9 N/cm 2 . The contact angle 

10 was measured at a temperature of 20°C and a relative humidity of 60%, using a contact angle meter CA-D manufactured 
by Kyowa Interface Science Co., Ltd. 

(3) Surface smoothness 

15 [01 00] The smoothness of the hard coat surface of each specimen was determined with the naked eye. The specimen 
surface was directed to an electric light source and was visually inspected at an oblique angle of 20 to 30 degrees to 
determine the uniformity of the surface layer (the presence or absence of microscopic aggregations) and the presence 
or absence of any concavity or convexity, or any corrugations that may be caused by the surface roughness of the 
hard coat layer. The ratings were made on the following scale: 

20 

© : The surface layer contained no microscopic aggregations andwas uniform, and no concavities or convexities, 
or corrugations were observed on the hard coat layer; 

O : Slight formation of the microscopic aggregations was observed on the surface layer, and no concavities or 
convexities, or corrugations were observed on the hard coat layer; 
25 o : The surface layer contained some microscopic aggregations, while no concavities or convexities, or corruga- . 

tions were observed on the hard coat layer; 

A: The surface layer contained significant microscopic aggregations, and some concavities or convexities, or cor- 
rugations were observed on the hard coat layer; and 

x : The hard coat layer contained significant concavities or convexities, or corrugations and was opaque. 

30 



35 



40 



45 



50 



55 



to 



EP 1 520 688 



A1 



10 



15 



20 



25 



30 



H 
X) 



35 



40 



© 



H 

tn 
c 
id 

-p 
u 
cd 
+» 
C 
O 

o 

CD 
Eh 



C2 
O 
*H 
-P 

H 
O 
w 

H 

rd 
•H 

P. 

© 
-P- 

rd 

e 

0) 

o 

cd 

*p 
n 

■ P 
en 



45 



50 



W 

cn 

0) 

© c: 

O JG 

rd -p 
m o 

p. o 

O B 



c 

•H 

*d 

■H 
H 
« 

p. 

CD 
•P 

m 
< 



H 
CO 
•H 
+J 
■H 
C 
H 



c 6 

rd w 

f © s 

P, W fd 
CD 

+J (0 

m h © 



rd w >, 

© cd 

-p rd © 

< © o 



0 * 

<u fd 

rd © 

rH C 

0) O 



(d 
o 

■H 

o 
c 



»d fd 

© d 

-p to o 

(d O H 

•h oj o a & 

U rH C ip cji 

O >t p O -H 

H O -H O £ 

t« cd m e w 



c 
o 

•H 
-P 

H fd 
rd U 
«P 4J 
O C 
CD 
O 
C 



© 
Eh 



-P 

XI 

CD 

CD 0) 
«P £ 

H N 



O IP O <*P 

u o rd ~ 



C 

O § 

W t/3 

fd *r| 

U w 

JD 0) 

< U 



55 



+ 

o 


(0) 


© 




O 


O 


X 




00 


m 


m 




m 


m 


VO 

o 

rH 


to 
o 

rH 


SOT 


CO 

o 

rH 


o 

rH 
rH 


cr\ 


m 
vo 


o 


o 


o 


CN 




O 




Z.0T 


VO 

o 

rH 


in 
© 

rH 


CO 

o 

rH 


0>i 

o 

rH 


ro 
O 

rH 


in 
vo 




"<* 


m 


CO 


O 


CO 


o 


VO 

o 

rH 


m 
o 

rH 


m 
o 

rH 


o 

rH 


OTT 


m 
o 

rH 


vo 


O 


o 


O 


O 


o 


o 




.0/1 


.0/1. 


T/0' 


,0/1. 


0/3. 


0/1. 


i 


CN 


CN 


CM 


•rH 


rH 


o 




m 


m 


m 

CN 


in 


m 


in I 




o 


o 


o 


o 


o 


o 




o 


o 


o 


o 


o 


o 


o 


Example 1 


Example 2 


Example 3 


Example 4 


Example 5 


Comparative 
Example 1 


Comparative 
Example 2 



EP 1 520 688 A1 



[0101] The results are shown in Table 1. 

[0102] As can be seen from Table 1, each of the substrates of Examples 1 through 5 with respective hard coat layers 
had significantly high surface hardness, high water repellency, and high persistence thereof. 

[0103] In Example 1, the ratio of the bifunctional acrylate to the monofunctional acrylate in the surface material was 
5 relativelyhigh t so that the surf ace smoothness of the substrate, though at a practical level, was slightly lower as com- 
pared to the substrates of the other Examples. In Example 2, in which the composition of the surface material was the 
same as the composition of the surface material used in Example 1, and the hard coat layer was half-cured prior to 
application of the surface material layer, the substrate had a high surface smoothness. In Example 3, in which the ratio 
of the bifunctional acrylate to the monofunctional acrylate was the same as that in Example 1 , and the total concentration 
10 of fluorinated acrylates in the surface material was low, the substrate also had a high surface smoothness. In Examples 
4 and 5, the ratio of bifunctional acrylate/monofunctional acrylate was optimum when the total concentration of the 
fluorinated acrylates in the surface material was 0.5% by weight. The substrates in these examples also had a high 
surface smoothness. 

[0104] The substrate of Comparative Example 1 with a hard coat layer had a significantly high surface hardness, 
15 exhibited a good initial water repellency, and had a high surface smoothness. However, when the substrate was sub- 
jected to harsh test conditions in which the substrate was left at room temperature for 30 days and then was slid with 
a cloth impregnated with acetone, the contact angle was decreased. This is believed to be because the substrate was 
slid with a cloth impregnated with acetone to remove the anti-staining surface layer. 

[0105] Although the same material as in Comparative Example 1 was used in Comparative Example 2, the substrate 
20 of Comparative Example 2 showed significantly low water repellency during initial testing, as did it after the sliding with 
cloth. Specifically, its intended purpose was not achieved because the fluorinated acrylate components were not ex- 
posed on the coating surface just by applying the fluorinated acrylate-added active energy ray-curable resin onto the 
substrate and then curing it. Furthermore, in Comparative Example 2, significant unevenness of coating was observed 
during application of the prepared composition to the surface of the substrate. This is thought to occur since the diluent 
25 evaporates during spin-coating, and the acryl monomer and the fluorinated acrylates, which are incompatible to one 
another, rapidly underwent phase separation. This also makes the composition impractical for use in the hard coat. 

[Example 6] 

30 [0106] This example was a production example of an optical information medium with a composite hard coat layer 
(abbreviated to the optical disk). In this example, the produced optical disk was of a phase-change type. The present ^ 
invention can be applied to various disks regardless of the kind of their recording layer. Thus, the present invention 
can be applied to not only this disk but also a read-only type optical disk, a write-once type optical disk or some other disk. 
[0107] Fig. 2 is a schematic sectional view of an example of an optical disk with a composite hard coat layer. In Fig. 

35 2, an optical disk (11) has, on a surface of a supporting substrate (12) in which fine concavities or convexities (such 
as information pits or pregrboves) are made, a reflecting layer (13), a second dielectric layer (14), a phase-change 
recording material layer (15), and a first dielectric layer (16) in this order. The disk (11) has a light-transmitting layer - 
(18) on the first dielectric layer (16), and further has a hard coat layer (19) and an anti-staining surface layer (20) on 
the light-transmitting layer (18). In this example, the reflecting layer (13), the second dielectric layer (14), the phase- 

40 change recording material layer (15) and the first dielectric layer (16) constitute a recording layer (17). The combination 
of the hard coat layer (19) and the anti-staining surface layer (20) is referred to as the composite hard coat layer for 
the sake of convenience. The optical disk (11) is used in such a manner that a laser beam for recording or reproducing 
is introduced into the recording layer through the anti-staining surface layer (20), the hard coat layer (19) and the light- 
transmitting layer (18). 

45 [0108] A sample of the optical disk having the layer structure illustrated in Fig. 2 was produced as follows. 

[0109] The reflecting layer (13) made of Al g8 Pd 1 Cu 1 (atomic ratio) and having a thickness of 100 nm was formed on 
a surface of the disk-form supporting substrate (12) (made of polycarbonate, diameter: 120 mm, thickness: 1.1 mm), 
in which grooves for recording information were made, by sputtering. The depth of the grooves was X/6 in an optical 
path length at wavelength A,= 405 nm. The recording track pitch in a groove recording manner was set into 0.32 u.m. 

50 [0110] Next, an Al 2 0 3 target was used to form the second dielectric layer (14) having a thickness of 20 nm on the 
surface of the reflecting layer (13) by sputtering. An alloy target made of a phase-change material was used to form 
the recording material layer (15) having a thickness of 12 nm on the surface of the second dielectric layer (14) by 
sputtering. The composition (atomic ratio) of the recording material layer (15) was set into Sb^Te^Geyln^. A ZnS 
(80% by mole)-Si0 2 (20% by mole) target was used to form the first dielectric layer (16) having a thickness of 1 30 nm 

55 on the surface of the recording material layer (15) by sputtering. 

[0111] Next, a radical-polymerizable ultraviolet ray-curable resin having the following composition was applied onto 
the surface of the first dielectric layer (16) by spin coating, and then ultraviolet rays were irradiated thereon so as to 
form the light-transmitting layer (18) in such a manner that the thickness thereof would be 98 u.m after the layer (18) 



1A 



EP 1 520 688 A1 



was cured. 



10 



15 



(Light-transmitting layer: Composition of ultraviolet ray-curable resin) j 
urethane acrylate oligomer ! 
(DIABEAM UK6035, manufactured by Mitsubishi Rayon Co., Ltd.) j 
isocyanuric acid EO modified triacrylate j 
(ARONIX M315, manufactured by Toagosei Co., Ltd.) 
isocyanuric acid EO modified diacrylate 
(ARONIX M215, manufactured by Toagosei Co., Ltd.) 
tetrahydrofurfuryl acrylate 

photopolymerization initiator(1-hydroxycyclohexyl phenyl ketone) 



50 parts by weight 
10 parts by weight 

5 parts by weight 
25 parts by weight 

3 parts by weight 



[0112] Next, an ultraviolet ray-curable/electron ray-curable hard coat agent having the following composition was 
applied onto the light-transmitting layer (1 8) by spin coating, and then the resultant was heated at 60°C in the atmos- 
phere for 3 minutes to remove the diluent in the coat. In this way, the hard coat layer (19) which had not been cured 
was formed. 





(Composition of hard coat agent) 


100 parts by weight 


20 


reactive group modified colloidal silica 






(dispersing medium: propylene glycol monomethyl ether acetate, nonvolatile content: 40% 


48 parts by weight 




by weight) 






dipentaerythritol hexaacrylate 






tetrahydrofurfuryl acrylate 


12 parts by weight 


25 


propylene glycol monomethyl ether acetate , 


40 parts by weight 




(non-reactive diluent) 


5 parts by weight 




IRGACURE 184 (polymerization initiator) 
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[0113] Next, 0.25 part by weight of perfluoropolyether diacrylate (acryl-modified product of a Foijiblin Z DOL manu- 
factured by Ausimont Co., molecular weight: about 2,000) and 0.25 part by weight of 3-perfluorooctyl-2-hydroxypropyl 
acrylate (manufactured by Daikin Fine Chemical laboratory Co.) were added to 99.5 parts by weight of a fluorine-based 
solvent (FLUORINERT FC-77 manufactured by Sumitomo 3M Ltd.) so as to prepare a surface material solution. This 
solution was applied onto the above-mentioned hard coat layer (19) which had not been cured by spin coating. The 
resultant was dried at 60°C for 3 minutes to form the surface layer (20) which had not been cured. 
[0114] Thereafter, electron rays were irradiated onto the surface layer under nitrogen flow, thereby curing the hard 
coat layer (19) and the surface layer (20) simultaneously. A Min-EB (manufactured by USHIO Inc.) was used as an 
electron rays irradiating device, and the accelerating voltage of the electron rays and the irradiation dose thereof were 
set to 50 kV and 5 Mrad, respectively. The oxygen concentration in the irradiation atmosphere was 80 ppm. The thick- 
ness of the hard coat layer (19) was 2.5 |im, and the thickness of the surface layer (20) was about 28 nm. The thickness 
of the surface layer was measured by X-ray fluorescence analysis (XRF), using perfluoropolyether (DEMNUM, man- 
ufactured by Daikin Industries, Ltd.) as a standard material. In this way, the optical recording disk sample No. 1 with 
the composite hard coat layer was obtained. 

[Comparative Example 3] 

[0115] In the same way as in Example 6, a reflecting layer (13), a second dielectric layer (14), a phase-change 
recording material layer (1 5), and a light-transmitting layer (1 8) were formed, in the order, on a surface of a disk-form 
supporting substrate (12). 

[0116] Next, an ultraviolet ray-curable/electron ray-curable hard coat agent having the same composition as used 
in Example 6 was applied onto the light-transmitting layer (18) by spin coating, and then the resultant was heated at 
60°C in the atmosphere for 3 minutes to remove the diluent in the coat. In this way, a hard coat layer (19) which had 
not been cured was formed. 

[0117] Next, a solution comprising 0.5% by mass of 2-(perfluorodecyl)ethyl acrylate (manufactured by Daikin Fine 
Chemical laboratory Co.) and 99.5% by mass of FLUORINERT FC-77 (manufactured by Sumitomo 3M Ltd.) was 
applied onto the above-mentioned hard coat layer which had not been cured by spin coating. The resultant was dried 
at 60°C for 3 minutes to form a surface layer which had not been cured. 



1* 



EP 1 520 688 A1 



[0118] Thereafter, under the same electron ray irradiating condition as Example 6, electron rays were irradiated onto 
the surface layer under nitrogen flow, thereby curing the hard coat layer and the surface layer simultaneously. The 
thickness of the cured hard coat layer was 2.5 u.m, and the thickness of the cured surface layer was about 28 nm. In 
this way, the optical recording disk sample No. 2 with the composite hard coat layer was obtained. 

5 

[Comparative Example 4] 

[0119] In the same way as in Example 6, a reflecting layer (13), a second dielectric layer (14), a phase-change 
recording material layer (1 5), and a light-transmitting layer (1 8) were formed, in the order, on a surface of a disk-form 

10 supporting substrate (12). 

[0120] 5 parts by weight of 2-(perfluorooctyl)ethyl acrylate (manufactured by Daikin Fine Chemical laboratory Co.) 
was added to 95 parts by weight of ultraviolet ray-curable/electron ray-curable hard coat agent having the same com- 
position as used in Example 6 so as to prepare the uniform composition.. This composition was applied onto the light- 
transmitting layer (18) by spin coating. Thereafter, electron rays were immediately irradiated under nitrogen flow to 

15 cure the applied composition. Electron ray irradiating condition was the same as Example 6. The thickness of the cured 
hard coat layer was 2.5 [im. In this way, the optical recording disk sample No.3 with the single hard coat layer was 
obtained. 



20 



(Evaluation) 



[0121] As with the substrates with respective hard coat layers, each of the optical recording disk samples Nos. 1 to 
3 of Example 6 and Comparative Examples 3 and 4 was evaluated for (1) abrasion resistance, (2) water repellency 
and persistence thereof, and (3) surface smoothness on its hard coat surface. The optical recording disk sample No. 
1 of Example 6 showed the results comparable to the substrate with the hard coat layer of Example 4: the sample 
25 produced good results for each of the measured properties. The optical recording disk sample No. 2 of Comparative 
Example 3 showed the results comparable to the substrate with the hard coat layer of Comparative Example 1 . Similarly, 
the optical recording disk sample No. 3 of Comparative Example 4 showed the results comparable to the substrate 
with the hard coat layer of Comparative Example 2. 

[0122] In the above-mentioned example, the composite hard coat layer was given to the phase-change type optical 
30 disks. However, the present invention can be applied to read-only type optical disks or write-once type optical disks 
as well as optical disks having a phase-change type recording layer. The present invention can also be applied to not 
only optical information media but also optical lens, optical filters, anti-reflection films, and various display elements. 
Therefore, the above-mentioned working examples are merely examples in all points, and the present invention should 
not be restrictedly interpreted by the examples. Furthermore, all modifications belonging to a scope equivalent to that 
35 of the claims are within the scope of the present invention. 

INDUSTRIAL APPLICABILITY 

[0123] According to the present invention, an article with a hard coat, which has high abrasion resistance, good water 
40 repellency and lubricity, and significantly high durability, is inexpensively and easily provided. 

Claims 

45 1. An article with a composite hard coat layer comprising a hard coat layer on a surface of the article and an anti- 
staining surface layer on a surface of the hard coat layer, wherein 

the hard coat layer is made of a cured product of a hard coat agent composition comprising an active energy 
ray-curable compound, 

50 the anti-staining surface, layer is made of a cured product of a surface material comprising a fluorine-containing 

polyfunctional (meth)acrylate compound and a fluorine-containing monofunctional (meth)acrylate compound, 
and 

the anti-staining surface layer is fixed on the hard coat layer. 

55 2. The article with the composite hard coat layer according to claim 1, wherein the active energy ray-curable com- 
pound comprised in the hard coat agent composition is a compound having at least one reactive group selected 
from the group consisting of (meth)acryloyl group, vinyl group and mercapto group. 



1A 



EP 1 520 688 A1 



3. The article with the composite hard coat layer according to claim 1, wherein the hard coat agent composition 
comprises a photopolymerization initiator, and comprises an inorganic filler if necessary. 

4. A method for forming a composite hard coat layer comprising a hard coat layer and an anti-staining surface layer 
5 on a surface of an article, the method characterized in the steps of; 

applying a hard coat agent composition comprising an active energy ray-curable compound onto a surface of 
an article to be hard-coat-treated, thereby forming a hard coat agent composition layer, 
film-forming, on a surface of the hard coat agent composition layer, with a surface material comprising a flu- 
10 orine-containing polyfunctional (meth)acrylate compound and a fluorine-containing monofunctional (meth)acr- 

ylate compound, thereby forming a surface material layer, and 

irradiating active energy rays onto the formed hard coat agent composition layer and surface material layer 
so as to cure the both layers simultaneously, thereby forming a hard coat layer contacting the surface of the 
article and an anti-staining surface layer contacting the surface of the hard coat layer. 

15 

5. The method for forming the composite hard coat layer according to claim 4, wherein after the hard coat agent 
composition is applied onto the surface of the article, the hard coat agent composition layer is dried to remove a 
solvent contained in the hard coat agent composition from the hard coat agent composition layer, and then the 
surface material layer is formed. 

20 

6. The method for forming the composite hard coat layer according to claim 4, wherein after the hard coat agent 
composition is applied onto the surface of the article, the hard coat agent composition layer is dried if necessary, 
active energy rays are irradiated onto the hard coat agent composition layer to turn the composition layer into a 
half-cured state, and then the surface materia! layer is formed. 

7. The method .for forming the composite hard coat layer according to claim 4, wherein at the time of film-forming by 
applying the surface material to form surface material layer, there is used, as a solvent, a solvent in which the 
active energy ray-curable compound in the already-formed hard coat agent composition layer is not substantially 
dissolved. 

30 

8. The method for forming the composite hard coat layer according to claim 4, wherein the active energy ray-curable 
compound comprised in the hard coat agent composition is a compound having at least one reactive group selected 
from the group consisting of (meth)acryloyl group, vinyl group and mercapto group. 

35 9. An article with a composite hard coat layer comprising a hard coat layer on a surface of the article and an anti- 
staining surface layer on a surface of the hard coat layer, wherein the article is obtained by 

applying a hard coat agent composition comprising an active energy ray-curable compound onto a surface of 
an article to be hard-coat-treated, thereby forming a hard coat agent composition layer, 
40 film-forming, on a surface of the hard coat agent composition layer, with a surface material comprising a flu- 

orine-containing polyfunctional (meth)acrylate compound and a fluorine-containing monofunctional (meth)acr- 
ylate compound, thereby forming a surface material layer, and 

irradiating active energy rays onto the formed hard coat agent composition layer. and surface material layer 
so as to cure the both layers simultaneously, thereby forming a hard coat layer contacting the surface of the 
45 article and an anti-staining surface layer contacting the surface of the hard coat layer. 

10. The article with the composite hard coat layer according to claim 1 or 9, wherein the article is an optical recording 
medium, a magneto-optical recording medium, an optical lens, an optical filter, an anti-reflection film, or any one 
of various display elements. 

50 
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